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[Specification] 



[1. TITLE] 

The manufacturing method of a trans polypentenamer 
[2. claim] 

A cyclopentene is polymerized in the presence of the catalyst which consists of 
7 oxidation rhenium and an alumina. 

The cyclopentene polymer which has the at least 70-% or more trans- structure 
is obtained. 

The manufacturing method of the cyclopentene polymer characterized by the 
above-mentioned. 

[3. DETAILED DESCRIPTION OF INVENTION] 

This invention relates to the novel manufacturing method of a cyclopentene 
polymer, it is related with the method of manufacturing the cyclopentene 
polymer which contains trans structure highly, by in more detail polymerizing a 
cyclopentene using the catalyst which consists of 7 oxidation rhenium and an 
alumina. 

Recently, polymerization of a cyclopentene contributes many interests and the 
some polymerization catalyst is already found out. 

For example, if a cyclopentene is polymerized using the Ziegler-Natta type 
catalyst obtained by mixing with the transition-metal compound of periodic-table 
IV or a VIB group, periodic-table I A, II, or an III group organometallic compound, 
a rubbery cyclopentene polymer with much trans structure will generate (for 
example, Examined Japanese Patent No. 43-7552 gazette). 
Moreover, if the catalyst which consists of a rhenium compound and an 
organoaluminium compound is used and a cyclopentene is polymerized, the 
cyclopentene polymer which contains cis-structure 90 % or more will be 
obtained (BE Patent No. 748,086). 

However, these numbers were small and retrieval of a new polymerization 
catalyst was still advanced. 

This inventor did earnestly research so that he may find out the novel 
polymerization catalyst of a cyclopentene. 

Consequently, it finds out that a completely different unique catalytic system 
from the conventional catalytic system is very effective as a polymerization 
catalyst of a cyclopentene, this invention was perfected. 
That is, in this invention, it uses the catalyst which consists of 7 oxidation 
rhenium and an alumina as a polymerization catalyst of a cyclopentene. 
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The catalyst which consists of 7 oxidation number rhenium and an alumina, with 
a catalyst consisting of a molybdenum oxide or a tungsten oxide and an 
alumina, or a catalyst consisting of a molybdenum carbonyl or a tungsten 
hexacarbonyl, an alumina, a silica, or silica alumina, it is a catalyst well-known 
as a disproportionated catalyst of an aliphatic olefin (for example, GB Patent No. 
694,420 and GB Patent No. 1,089,956). 

The method of polymerizing the cycloalkene which has more than the C6 piece 

using these disproportionated catalysts is also learned. 

However, by this method, a high-molecular-weight polymer was not able to be 

obtained only by the low-molecular-weight cyclic polymer whose molecular 

weight is 1,000 or less generating (GB Patent No. 1,105,565). 

However, in this invention, with a molecular weight of 10,000 or more which 

contains trans structure 70 % or more high-molecular-weight polymer generates 

easily by polymerizing a cyclopentene using the catalyst which consists of 7 

oxidation rhenium and an alumina. 

This fact cannot be estimated at all from the conventional findings. 

The catalyst in this invention is 0.1 to 40 weight-parts about 7 oxidation units 

rhenium per 100 weight-parts of alumina, preferably it contains 1 to 20 

weight-parts. 

Even if it uses the molybdenum oxide and tungsten oxide which are the 
disproportionated catalyst of those other than oxidation rhenium, an effect like 
this invention cannot be acquired. 

A catalyst melts in water the perrhenate which can be degraded into oxidation 
rhenium oxidation rhenium or by heating, it is obtained by making an alumina 
impregnate the aqueous solution. 

Moreover, it can obtain also by heating oxidation rhenium or a perrhenate and 
making it sublimate on an alumina. 

Before an alumina is made to carry oxidation rhenium by the impregnation 

treatment or the sublimating method, it is heat-processed in an inert gas flow, 

air, or an oxygen air current, being activated is desirable. 

It is effective when treating an alumina from an acid prior to also raises 

polymerization activity to thermal activation treatment. 

Desired inorganic acids or an organic acid is sufficient as the acid which uses, 

and, generally it is used by concentration of the 0.001 -decanormal as aqueous 

solution, the time is normal 10-minute-20 hours. 

Thus, the obtained catalyst is activated by heat-processing in an inert gas flow 
like nitrogen, a carbon dioxide, and helium. 

Under the present circumstances, it heat-processes in oxygen or an airflow 
beforehand, subsequently, it is desirable to treat with heat in an inert gas flow. 
In particular, it treats in 1 minute-20-hour air at the temperature of 300-900 
degrees-Celsius, subsequently, it is appropriate to treat on the same conditions 
in an inert gas flow like nitrogen. 

The alumina to be used has desirable r-alumina and that whose particle size is 
0.05 - 6 mm usually is used. 

In this invention, the molecular weight of the polymer generated with the 
magnitude of the amount of catalyst used, the burden of 7 oxidation number 
rhenium, and the particle size of an alumina is influenced, molecular weight falls 
as the amount of catalyst used and the burden of 7 oxidation number rhenium 
increase. 
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Thus, a cyclopentene or a cyclopentene, and a suitable solvent are added to the 
prepared catalyst, and it is -20-150 degrees-Celsius, preferably it polymerizes at 
10-100 degrees-Celsius. 

If the polymerization temperature is too high, a catalyst will separate and 
polymerization activity will fall, activity of a catalyst is remarkably low at low 
temperature. 

The polymerization system pressure changes with polymerization temperature. 
However, it is desirable that it is more than the pressure by which an inside 
system is maintained at a liquid phase. 

The solvent which can use to a method of this invention is the aliphatic, the 
alicyclic, or aromatic hydrocarbon compound which it generally uses, for 
example, has a butane, a hexane, benzene, toluene, a xylene, tetralin, a 
cyclohexane, etc. 

The weight ratio of a cyclopentene and a catalyst is usually 0.1:1-5000:1, 
preferably it is the range of 0.5:1-1000:1. 

In a method of this invention, in a monomer, a solvent, and atmosphere, it is 
necessary to restrain mixing as much as possible of oxygen-containing 
compounds, such as water, alcohol, and ether and sulfur-containing 
compounds, such as thiophene and a hydrogen sulfide. 
Moreover, since acetylene and dienes have influence which is not desirable on 
polymerization activity of a catalyst, removing as much as possible is desirable. 
A catalyst is separated from a polymer solution (in not using a solvent, a solvent 
is added to an aggregated-form polymer and it dissolves in it) by methods such 
as centrifugation after the polymerization completion, it coagulates according to 
a conventional method. 

According to the method of this invention, since a catalyst is solid, purification of 
a polymer is easy. 

Moreover, the recovery of a catalyst is also easy. 

Thus, the obtained cyclopentene polymer is a with a molecular weight of 10,000 
or more which contains trans structure without a gel 70 % or more 
high-molecular-weight polymer. 
It uses as an elastomer which can vulcanize. 

Next, an Example is given, in more detail, this invention is demonstrated. 

In addition, the intrinsic viscosity in an Example was measured in 30 

degrees-Celsius and a toluene solution. 

The fine structure of a polymer measured and computed the infrared absorption 
spectrum of a carbon disulfide solution by methods (Angew. Chem., 76,769 
(1964)), such as Natta. 

[Example 1] 

To 10g of a grain-shape r-with a surface area of 250 to 350 m2/g (Sumitomo 
Chemical Co., Ltd. make ) and a particle size of 2 - 4 mm alumina, a water 
component is dried up by evaporation on a water bath, adding the solution 
which melted 7 oxidation rhenium 1g in 30g of water, and often stirring. 
In dry air, (G. H.S.V.about 2000 hr(s)- 1) at temperature 580 degrees-Celsius, 
after heating for 1 hour, furthermore, in the dry-nitrogen style in the same space 
velocity, it heated for 1 hour and was activated. 

It stores into a nitrogen stream so that air may not be touched, and 1 0g is moved 
to a pressure bin in a nitrogen stream among those in order to change the 7 
oxidation number rhenium-alumina obtained in this way. 
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Cyclopentene 10cc is added, and it polymerizes, carrying out the sealing of a 

pressure bin and stirring at 30 degrees-Celsius for 19 hours. 

The cyclopentene polymer which is aggregated-form is melted with benzene 

after predetermined time, a polymer solution is filtered, subsequently, it is made 

to precipitate with methanol. 

0.1g of solid polymers was obtained by drying. 

This physical property came out as follows. 

Intrinsic viscosity; (eta) =2.3 
Microstructure; trans structure =80.3% 

[Example 2] 

It puts 10g of 7 oxidation number rhenium-alumina catalysts which 
manufactured like Example 1 and were activated into a pressure bin in a 
nitrogen stream. 

Cyclopentene 10cc and benzene 5cc are added, and it polymerizes, carrying 
out the sealing of a pressure bin and stirring at 30 degrees-Celsius for 19 hours. 
A polymer solution is filtered after predetermined time, subsequently, it is made 
to precipitate with methanol. 

By drying, 0.5g of these body-weight unifications was obtained. 
The physical property of this polymer came out as follows. 
Intrinsic viscosity; (eta) =2.1 

Microstructure; trans structure =84.5% 

[Example 3] 

It puts 5g of 7 oxidation rhenium-alumina catalysts which manufactured like 
Example 1 and were activated into a pressure bin in a nitrogen stream. 
Cyclopentene 10cc and chlorobenzene 10cc are added, and it polymerizes, 
carrying out the sealing of a pressure bin and stirring at 30 degrees-Celsius for 
67 hours. 

A polymer solution is filtered after a predetermined time, subsequently, it is 

made to precipitate with methanol. 

1.3g of solid polymers was obtained by drying. 

the physical property of this polymer came out as follows. 

Intrinsic viscosity; (eta) =2.7 

Microstructure; trans structure =81.6% 

[Example 4] 

Front drawing 250 to 350 m2/g of products and the grain-shape r-alumina 

(Sumitomo Chemical Co., Ltd. make) of 300 microns of mean particle diameters 

were heat-processed for 5 hours, refluxing with 0.1 NHCI aqueous solution. 

Subsequently, it washes sufficiently with water, it dries. 

7 oxidation number rhenium is impregnated like Example 1 using this alumina 

10g. 

It was activated. 

The catalyst obtained in this way is put into a pressure bin in a nitrogen stream, 
subsequently, cyclopentene 10cc and benzene 20cc are added, and a sealing is 
carried out, it polymerizes stirring at 50 degrees-Celsius for 3 hours. 
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A polymer solution is filtered after predetermined time, subsequently, it is made 

to precipitate with methanol. 

2.1g of solid polymers was obtained by drying. 

The physical property of this polymer came out as follows. 

Intrinsic viscosity; (eta) =1.1 
Microstructure; trans structure =80.3% 

[Example 5] 

To the inside of length 30cm and the tubular-shape glass tube of internal 
diameter 13 mm, it is filled with perrhenic-acid ammonium 2.7g in a downward 
direction, and r-alumina with a surface area of 250 to 350 m3/g and mean 
particle diameter 300 microns in an upper direction 

Some silica wools and glass balls are put between the perrhenic-acid 
ammonium and the alumina, and it is easy to fluidize an alumina. 
A dry air is passed and an alumina is fluidized. 

Only an alumina part is temperature raised to 600 degrees-Celsius by the 

heat-tracing reactor, it treats for 1 hour and is activated. 

Subsequently, in order to degrade a perrhenic-acid ammonium, a heating 

furnace is lowered and it vapor-deposits over 4 hours. 

In the meantime, the alumina is also maintained at 600 degrees-Celsius. 

Subsequently, a dry nitrogen is passed, it treats at 600 degrees-Celsius for 1 

hour. 

The catalyst obtained in this way is put into a pressure bin in a nitrogen stream, 

cyclopentene 10cc and benzene 10cc are added, and a sealing is carried out. 

It polymerizes stirring at 40 degrees-Celsius for 3 hours. 

Polymer solution filtration is carried out after predetermined time, it is made to 

precipitate with methanol. 

1 .6g of solid polymers was obtained by drying. 

the physical property of this polymer came out as follows. 
Intrinsic viscosity; (eta) =2.2 

Microstructure; trans structure =83.2% v 
[PATENTEE] 

Nippon-Zeon stock complementary company 

[REPRESENTATIVES] 

Patent attorney Odajima Heikichi 

[REPRESENTATIVES] 

Patent attorney Fukaura Hideo 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



